Economic literature has identified positive effects of peer abilities on individual achievement. However, the intuitive arguments supporting this evidence are not clear. This article presents a specific mechanism: cooperation and competition among group members; more precisely, the presence of positive and negative externalities in human capital accumulation.
Introduction
Peer effects have been widely studied in economic literature. The importance of identifying them correctly has been the main issue of empirical analyses. Most of the economic literature on the topic has focused on finding an unbiased estimation using a source of exogenous variation. Nevertheless there is no strong empirical or theoretical evidence about the channels or mechanisms through which peer effects operate. This article proposes a particular mechanism: cooperation and competition among the members of a group. Both topics, cooperation and competition, have been studied in economic literature in different contexts, but there is not enough evidence on education outcomes and students' decisions. The existing literature on this topic is not clear for different reasons, mainly due to strong assumptions in theoretical analyses and a lack of causal identification in empirical studies. This paper tries to overcome both problems by using weaker assumptions in the theoretical analysis and an empirical strategy that allows for exogenous variation in the levels of competition and cooperation faced by students.
Different authors have pointed out the importance of peer effects based on decisions made by parents, schools and policy makers' about how children should be allocated to different groups.
In particular, under the presence of peer effects, the group in which a student is allocated today affects his or her future cognitive and labor outcomes. Then, it would be desirable to promote certain types of educational systems. For example, the correct estimation of peer effects is important when determining if tracking systems, in which students are allocated with peers of similar abilities, are more efficient than others. The main problem in identifying these effects is self-selection; the group in which a student is allocated depends on his parents' preferences and on restrictions imposed by the educational system. Therefore, the positive effect of peers may be caused by selection decisions instead of a real mechanism in which peers affect students' outcomes. Under this problem, most empirical analyses have focused on finding an exogenous source of variation that explains peer composition but not students' decisions or outcomes.
For example, Zimmerman (2003) , Sacerdote (2001) and Foster (2006) use random assignment of roommates as a natural experiment for an unbiased estimation 1 . Other authors use different sources of exogenous variation: Hoxby (2000) uses race and gender variation across adjacent cohorts as an instrument of peer characteristics; Lefgren (2004) uses variation in school tracking policies; and Dills (2005) uses the presence of a magnet school that selects high quality students 1 Other research has focused on heterogeneous impacts of peer effects. In particular, Brunello, De Paola & Scoppa (2009) use the same source of variation (randomized assignment of roommates) for evaluating peer effects in an Italian University. They find positive peer effects for students enrolled in hard science programs and no effect for those enrolled in humanities or social sciences. from throughout the school district. The study of Hanusheck et al. (2009) uses school and grade fixed effects in order to control for unobserved characteristics that cause self-selection of students.
Other authors have used housing mobility programs to identify peer effects (Rosenbaum (2000) and Souza Briggs (1997) ). Although these effects have been identified and widely studied in economic literature, there is still a lack of information about the channels through which peer effects take place. Hoxby (2000) provides some information about potential channels that may explain how these effects operate. [...] it is useful to clear about what peer effects include. Peer effects do include students teaching one another, but direct peer instruction is only the tip of the iceberg. A student's innate ability can affect his peers, not only through knowledge spillovers but through his influence on classroom standards. A student determined behavior may affect his peers. For instance, a student who has not learned self-discipline at home may disrupt the classroom.
Peer effects may follow lines like disability, race gender, or family income: a learning disabled child may draw disproportionately on teacher time, racial or gender tension in the classroom may interfere with learning, richer parents may purchase learning resources that get spread over a classroom [...] (Hoxby, 2000) As it can be seen, some intuitive arguments have been mentioned in the literature. However, most of them have not been empirically analyzed. In order to understand those mechanisms it is important to think in terms of agents, exogenous parameters, and endogenous decisions which can alter cognitive outcomes. For example, Dupas, Duflo & Kremer (2008) use a randomized experiment of tracking in Kenya for analyzing both, the effects of peers and tracking systems, on educational outcomes. They develop a theoretical model in which they consider the mechanisms through which this variation occurs are not only peer composition, but also teachers' effort decisions and academic level chosen for tests and learning. Using a regression discontinuity design, the authors find no difference in test scores between students allocated to the lower ability section and those allocated to the higher ability group. The authors show that this result is consistent with their theoretical analysis. However, it is plausible to think that there are other mechanisms or explanations to these results. Specifically, students' preferences and effort decisions based on expected ranking in the final test scores distribution 2 .
2 Dupas, Duflo & Kremer (2008) argue that the result they find is explained by teachers decisions. They assume that students near the median of the initial test are very similar in other characteristics. Given that they do not find differences on final test scores between students allocated to higher and lower sections, but they do find the presence of positive peer effects, they conclude that teachers' decisions about the academic level of their courses is the mechanism that explains this pattern. My perspective is based on students' preferences and decisions. The student with the lowest ability in the high ability group can exert lower or higher levels of effort due to his expected position in the final test scores distribution. If this mechanism can explain this result, then competitive or cooperative attitudes from students are essential in the analysis of how students should be allocated. This paper focuses on student's decisions and preferences; in particular, preferences for her ranking in test scores distribution and for the total human capital accumulated by herself, as well as her decisions on how much effort to exert and the level of cooperation between them. Specifically, it analyzes how cooperation and competition can alter students' decisions and cognitive outcomes. On the one hand, it is important to wonder for the presence of positive technological externalities in the educational production functions. Under the presence of these externalities, cooperation decisions of student i can positively affect the educational outcomes of student j. On the other hand, cooperative environments can diminish group educational outcomes if students perceive individual and group effort levels as substitutes. Under this perception, more cooperative environments produce free-riding effects in which each individual expects other students to help her and, as a consequence, reduces her effort. This would result in a lower overall group effort which would have a negative impact on educational performance.
Even though there is little evidence on cooperative or competitive attitudes of a group and their effect on cognitive outcomes, the topic is related to a vast economic literature. For example, it has been suggested that there are positive externalities in human capital accumulation.
Specifically, Lucas (1988) introduced average human capital in the society as an argument in the production function. This element captures the existence of positive technological externalities because it shows how the construction and spreading of ideas constitute social processes in which interactions among individuals are essential. Then, if relations among students also have these positive externalities, cooperative attitudes would increase their accumulated human capital, and this would translate into higher academic test scores.
On the other hand, Lazear & Rosen (1981) show that individuals would exert higher effort levels if wages are based on relative positions of production levels. This means that tournament systems in which individual rewards depend on their ranking would increase effort levels. In education processes this can be seen as students having a higher concern for their ranking.
However, Lazear (1985) shows that this kind of incentives can create higher levels of sabotage between workers of a firm. Given this result, it is possible to think that in educational outcomes, individual concerns for ranking would also have a negative impact on academic performance. This can be explained by the students' incentive to cooperate less. However, simple tournament analysis has omitted other effects of competitive environments. For example, incentives to incur in unethical behaviors and cheating (Schleifer, 2004; Schwieren & Weichselbaumer, 2008) , and a strong negative effect on the individuals' emotional state (Brandts, Riedl, & van Winden, 2005) .
This article also tries to analyze empirically the effects of cooperative or competitive environ-ments on educational outcomes. For this, I use the PISA dataset which includes test score results of students in mathematics, reading and science. Measures of competitive and cooperative attitudes come from questions regarding how much students are concerned about their ranking in the class and how much they help their classmates. Due to the potential endogeneity of these variables, it is necessary to identify an exogenous source of variation which explains individual competitive and cooperative attitudes but that is not correlated with peers' test scores. This exogenous source comes from students' relationships at home; the presence of older, younger and same-age siblings may help explain individual attitudes toward competition and cooperation.
However, it is less intuitive to think that these variables would alter peers' cognitive outcomes.
For these reasons, I use these variables in an instrumental variables empirical approach. Assuming a non-linear functional form and correcting standard errors, I estimate the effect of a competitive environment on individual test scores. I find empirical support in favor of an inversed U-relationship between academic performance and the degree of competitiveness of the group. This result is similar for mathematics and reading test scores, and robust to different covariates, subsamples and estimation procedures.
Finally, it is important to mention that, despite the fact that there is not much evidence of cooperation or competition decisions on academic outcomes, some authors have focused on the topic. For example, Bigoni et al. (2011) designed an experiment in which incentives are exogenously imposed and students are randomly assigned to three different incentive schemes.
A first tournament scheme that fosters competition between students, a cooperative scheme that promotes information sharing and cooperation, and a control treatment in which students neither compete nor cooperate. The authors find that competition induces higher effort levels than cooperation, and that the latter did not show increases in test scores compared to the control group. The problem with this analysis is that the experimental design does not take into account the existence of positive technological externalities 3 . Bratti et al. (2008) develop a theoretical model and an empirical analysis similar to those found in this paper 4 . They show that free-riding incentives lead to an insufficient degree of cooperation between schoolmates. They find empirical evidence that individual competitive attitudes have positive effects on test scores, while student performance increases with average cooperative behavior. Their theoretical model has strong assumptions. In particular, they assume preferences for individual and social learning, where social learning is a public good with the traditional functional forms of individuals' contributions 5 . They conclude that individuals are competitive if time dedicated to individual learning is higher than the one dedicated to the public good. In the case of cooperative behavior, the contrary happens. However, they don't consider preferences for ranking independently from individual test score. Their empirical analysis consists of correlations instead of causal inference. It is important to establish potential endogenous biases that make their estimators inconsistent. In particular, the positive effects of individual competitive attitude can be correlated with unobserved characteristics that explain higher test scores results.
In summary, economic literature has focused on identifying peer effects, but the channels through which they operate are still not clear. This paper tries to identify if they take place through a specific mechanism: cooperation and competition among students. This topic is related to positive technological externalities and individual concerns for relative ranking. Even though cooperative and competitive decisions of students have been analyzed by other authors, conclusions are unclear due to strong theoretical assumptions and the lack of an empirical identification of causality or an incorrect incentive design. Using a theoretical framework with weaker assumptions than those used in the existing literature, this paper identifies how cooperative or competitive attitudes affect cognitive outcomes, and shows a non-linear effect of competition on academic performance. Furthermore, using exogenous variation in peer test scores and competitive attitudes, I present robust empirical evidence supporting the main result of the model. The rest of this paper is organized as follows: Section 2 develops a simple theoretical framework for explaining potential channels through which competition and cooperation alter educational outcomes. Section 3 presents the data and an empirical strategy using an exogenous source of variation for identifying these effects. Section 4 shows principal empirical results.
Section 5 presents a discussion based on the results of the previous sections. Finally, section 6 concludes.
5 They assume that production function of the public good S is given by 1 σ * ai * si where ai corresponds to initial abilities of individual i and si to its contribution. σ represents initial ability dispersion of the group. One of their conclusions is that cooperative behavior may emerge if groups are more homogeneous in initial ability distribution. This result is not surprising if you take into account the functional form assumed in the production of the public good and that more homogeneous groups are more efficient in its production.
Theoretical Framework
This section presents a model aimed at formalizing the channels through which cooperation and competition can alter cognitive outcomes. For this purpose, I will consider the arguments of educational production function, the students' utility functions and their optimal decisions regarding effort and cooperation levels.
Educational Production Functions
Different papers have addressed the arguments of educational production functions 6 . Educational production functions considered in most of these papers are similar to the following:
Where h i corresponds to human capital or skills accumulated by individual i; S is years of schooling; Q is a vector of school and teachers' characteristics; C is a vector of child characteristics; A is a vector of households' characteristics; and I is a vector of inputs under control of parents. In the economics of education's literature it is usual to assume a household utility function and budget constraints that constitutes a classical optimization problem. Parents' decisions would alter the cognitive outcomes of their children. My approach is different; in particular, I
am not considering parents as the main agents. Specifically, the main purpose of this paper is to see how effort decisions of individual i can change and, therefore, my educational production function should include effort as an argument. We also consider different child characteristics, but in order to evaluate peer effects, it is important to add a parameter that captures the initial abilities of individual i. The educational production functions should then be of the following type:
Where θ i is a parameter of initial abilities, and e i represents the effort levels of individual i.
X is a vector of school, teachers, household and other characteristics as described in equation
1. However, this function does not consider peer effects. For this purpose, additional arguments should be included in equation 2. This can be expressed in the following functional form:
Equation 3 considers interactions between individual i and individuals j. θ i and θ j represent initial abilities' parameters of individual i and individual j respectively. µ i and µ j correspond to the parameters through which I will capture peer effects. More precisely, they represent the fraction of time each individual decides to spend studying in group (e.g. cooperating); k i corresponds to the fractions of time each individual decides to spend studying by herself. This can be captured in an additional time constraint:
Equation 4 says that overall time of individual i (normalized to 1) is divided between the time she spends studying individually, the time she spends studying in group and the time she dedicates to leisure. Given the general functional form presented in equation 3, which has both peer effects and cooperation decisions as arguments, it is important to think in plausible and intuitive assumptions to characterize this function. 
Assumption A2 presents decreasing or constant marginal returns for all arguments of equation 3. Thus, assumption A2 is necessary for obtaining an internal solution to the individual's maximization problem. However, more important is to characterize how do these marginal returns interact with each other. The following assumption address this issue. 
This assumption relates the fraction of time individual i spends studying in group, and the other arguments in educational production function presented in equation 3. As it can be seen, I am assuming that if individual i and individual j have higher initial abilities, then studying in group (e.g. cooperating) is more efficient. In the same way, the marginal returns to the fraction of time individual i dedicates to group work is higher when individuals j choose a higher level of cooperation (µ j ).
Optimization Problem
Once established how educational outcomes are produced, it is important to determine how individuals make their decisions. For this purpose it is necessary to address students' utility functions. I will assume that students derive utility from three different terms. The first one corresponds to the absolute human capital accumulated by themselves. The second term is the expected ranking of individual i in the final human capital distribution. Finally, I will assume that students' utility increases with higher levels of leisure. Specifically, I will assume the following functional form:
Where h i corresponds to the absolute human capital accumulated by individual i and w is a parameter that captures the relative importance of it; R i corresponds to the relative ranking of individual i in the final human capital distribution; γ, is a parameter that captures utility differentials based on relative ranking. As it can be seen, higher values of γ imply that rewards are more dispersed. Thus, individuals have more incentives to compete. Finally, f (l i ) corresponds to the utility derived from leisure time.
Assumption A5 shows that f (·) is a differentiable, monotonically increasing, concave function on leisure. Assumption A6 states that R i is a differentiable function, that ranking increases with a higher investment in individual effort and that it decreases or remains constant with increases in cooperation levels. It is important to remember that individuals want a higher ranking in order to maximize utility function given by equation 5. The last two elements of the assumption are necessary in order to find an internal solution to the problem.
Now that the individuals' utility function is determined, it is possible to establish the maximization problem she faces. This problem can be seen by introducing equation 4 in 5:
An equilibrium in this problem is constituted by a pair (k * i , µ * i ) for each individual. The first order conditions of this problem are given by the following equations:
Assumptions A1 to A6 guarantee an internal solution to the problem. The first term of equation 7 shows the marginal benefit of increasing individual effort k i . As it can be seen, this marginal benefit increases when the exogenous parameter w is higher and when differential due to relative ranking (γ) is also higher. The second term of equation 7 represents the marginal cost of increasing individual effort. This marginal cost is represented by the time of leisure she loses when studying.
Similarly, the first term of equation 8 shows the marginal benefit of increasing group effort.
However, increasing this effort has two possible costs. The first one is associated to the increase of human capital accumulated by individual j which reduces the differential gap between both agents. The second one is the cost associated to the leisure loss.
7 Future research will focus on identifying a functional form that relates human capital accumulated by the whole group and relative position. See Mejía & St-Pierre (2008) for an example.
Comparative Statics
It is now important to analyze how these decisions are modified by changes in the parameters of the model. Specifically, our principal parameter of interest is the competition parameter (γ). In particular, I am interested in studying how does human capital accumulated by both individuals change if the level of competition between the agents is higher.
Suppose by contradiction that k 1,i ≥ k 2,i . Then, the two following inequalities hold:
From inequality 1 we have that:
From inequality 2 we have that:
From inequalities 3 and 4 we have that:
Due to the fact that R i is an increasing function in k i and that
Suppose by contradiction that µ 1,i < µ 2,i . Then, the two following inequalities hold:
From inequality 6 we have that:
From inequality 7 we have that:
From inequalities 8 and 9 we have that:
Due to the fact that R i is a decreasing function in µ i and that
The intuition behind P1 is that when γ is higher, there are more incentives for individuals to compete. As the differential due to competition increases there is a higher incentive to increase the levels of individual effort in order to have a higher ranking. Proposition P2 states that when competition is higher individuals decrease group work. The intuition behind this result is that the higher the differential between both agents is, the higher are the costs of increasing group effort. Both propositions lead to the following result: Proposition P3. There is an internal optimal value of γ that maximizes
The first term represents the marginal benefit of increasing γ, it is the increase in human capital accumulated by the whole group due to the increases in individual effort of all individuals.
The second term represents the marginal costs of increasing γ; namely, the decreases in human capital accumulated by the group due to the reductions of cooperation levels between agents. Given the assumptions it is possible to conclude the existence of an optimal competition value (γ) that maximizes overall academic performance. Then, there is a trade-off between competition and cooperation in human capital formation. Now we turn to the empirical strategy in order to test the main prediction of the model; namely, the existence of an internal optimal level of competition, and the presence of positive technological externalities in educational production functions, taking into account that individuals based their decisions on the absolute value of human capital accumulated by her, and her position in the ranking.
Data and Empirical Strategy
The data used for the empirical exercise comes from the international database of the OECD Programme for International Student Assesment (PISA) of 2000. In PISA (2000), fifteen-year old students from participating countries are evaluated in three different areas: mathematics, reading and science 8 . This allows me to have comparable test scores across students given that they take the same test in all of the areas. The data consists of a cross section data base in which we can see academic performance for each student. Besides test score results, PISA contains information of children, household and school characteristics. Two additional questionnaires are answered by students at the moment they take the test. This allows me to add covariates and diminish potential omitted variables biases. In addition to student's questionnaires, PISA (2000) has a school questionnaire answered by school's principals. This allows me to add school controls which also affect educational outcomes. Thus, I am able to control for different characteristics which are arguments of the educational production function.
In addition to this information, a questionnaire of cross-curricular competencies is available.
In this questionnaire, information about preferences on ranking and group work are identified.
In particular, students answer whether they agree or disagree with a list of statements in the questionnaire 9 . For ranking preferences I use the students' level of agreement with the following statement: "I like to try to be better than other students". I construct two different measures of competitive attitudes at the student level. The first measure is a dummy equal to one if students agree or agree somewhat with the mentioned statement, I will call this variable better 1 . The second measure is equal to one only if the student agrees with such statement. This variable is named better 2 . For cooperative preferences I use the statement of how much they like to help other people do well in a group. Similarly to competitive attitudes I construct two measures for cooperative attitudes. The variable help 1 is a dummy equal to one if students agree or agree somewhat with the statement, and equal to zero otherwise. The second measure, called help 2 , is a dummy equal to one if the student agrees with the statement and zero otherwise.
Apart from the statements chosen for the measures I developed, there are other questions related to competitive and cooperative attitudes. PISA (2000) data base contains competitive and cooperative learning indexes based on these questions 10 . The problem of using this information is that it contains elements which correspond to students' decisions instead of cooperative or competitive preferences. For example, the competitive index includes the question that asks whether students learn more if they try to do better than their classmates. Even though this information is related with competitive attitudes, it corresponds to an outcome based on students' effort decisions. Therefore, including them in the analysis would be problematic given that preferences and agents' decisions won't be differentiated in the empirical analysis. It is important to mention that questions used to construct cooperative and competitive attitudes are not mutually exclusive. Hence, one student can agree that she tries to perform better than others and that she likes others to do well in the group. However, as I explained before, I'm not interested in cooperation or competition alone, but in how are they related, this is why, it is necessary to construct measures of competition in which there exists a trade-off between competitive and cooperative decisions. Specifically, γ captures the relative importance of competitive attitudes. Then, our variable of interest is the proportion of competitive attitudes relative to cooperative ones in a given group. Using the proportion of these constructed variables allows me to construct these relative measures. Competition s = Group betters Group betters +Group helps for s = 1, 2, where Group betters corresponds to the fraction of individuals in the group g for whom the variable better s is equal to one, and Group helps to the fraction of students for whom the variable help s is equal to one. With these variables it is possible to construct a measure of the degree of competitiveness in a given group. The following equation shows the relationship to be estimated:
Where y i,h,g,s,c corresponds to the educational outcome of individual i, of household h, belonging to group g in school s in country's region c. f (competition g,s,c ) is a flexible functional form of competitive environments generated by other members of the same group. Motivated by the theoretical model, I am assuming a non-linear functional form of competition on academic performance. C i,h,g,s,c is a vector of child characteristics; H h,g,s,c a vector of household characteristics; E g,s,c are characteristics of the environment of the group such as discipline and good relations with teachers; S s,c is a vector of school characteristics. All these vectors correspond to arguments of the educational production function presented in section 2.1 and introduced in equation 1. η c is a country-region fixed effect that captures characteristics of this geographic unit that can alter educational outcomes, and ε i,h,g,s,c is an error term. Tables 1 and 2 present summary statistics of test scores, competition variables, and covariates included in equation 9, and figure 1 test scores distribution for mathematics and reading.
Deriving empirical conclusions in this setting has two main problems. The first one is potential endogeneity presented in competitive attitudes due to self-selection. The second problem is the functional form of the effect of competition over test scores. In order to solve the first problem, I propose an instrumental variables estimation. For the second one, it is necessary to assume a particular functional form. Given the theoretical results, I am assuming a quadratic functional form, which will show an inversed U-relationship between group competition and educational outcomes. This functional form is motivated by the theoretical conclusions. Additionally, I perform a non-parametric regression in order to evaluate if this functional form is appropriate.
The main problem in estimating equation 9 is that different sources of endogeneity can bias the coefficients of interest. The first one, as mentioned in section 1, corresponds to selection bias: the allocation to each one of the groups can be correlated with unobserved characteristics not included in the vector X i,−i,h,s,p,c . For example, individuals with higher initial ability parameters can become more competitive due to higher academic standards. Thus, competitive environments can be correlated with higher initial abilities. Hence, estimation of equation 9 is biased. In order to solve these issues, it is necessary to identify an exogenous source of variation that explains competition environments within a given group, but that is not correlated with individual i s educational outcomes. For this purpose I will use the variation coming from the presence of younger, older and no siblings in the others children's households 12 . There are intuitive reasons pointed out by economic literature to support the presence of positive and negative externalities for having siblings. For example Knoef & Kooreman (2011) develop a structural model to show how the presence of siblings affects cooperative and competitive decisions within the household. There are intuitive reasons to think that daily contact and resource-sharing positively influence pro-social behavior, or that competition for parents' time and economic resources will increase competition in the classroom. Then, it is expected that individuals with younger, older, same-age or no siblings have different competitive or cooperative attitudes. However, it is not intuitive to think that individual educational outcomes may be affected by the presence 12 It is important to state that I am adding the presence of these siblings in each student's own household as covariates.
of siblings in classmates' households. Due to these reasons, I will use the fraction of students for each group who has older, younger, same age or no siblings in a first stage estimation which predicts exogenous values of competition levels. The following equations show the parameters to be estimated: Competition g,s,c = δ 0 + δ 1 group younger g,s,c + δ 2 group older g,s,c +δ 3 group same age g,s,c + δ 4 no siblings g,s,c + ∆ X + ε i,g,s,c (10)
Where Competition g,s,c corresponds to the competition measure previously described and faced by individuals in the same group; group younger g,s,c , group older g,s,c , group same age g,s,c , and no siblings g,s,c are the fraction of the group who has younger, older, same age, and no siblings respectively; X corresponds to a vector of covariates (the same as those presented in equation 9); finally, ε i,g,s,c is an error term. Using the predict values of equation 10 in equation 9, I am able to identify an exogenous source of variation of competition levels faced by each student in order to identify the effect of competition on academic performance.
Results
Figure 2 presents a visual motivation of the question addressed in this paper. The graph shows the mean test score for each area of knowledge for each competition level 13 . The graph shows that for lower competition levels, increases in competition generate positive effects on educational outcomes. However, for higher levels of it, it has a detrimental effect. Specifically, this result is consistent for the three areas of knowledge. Even though this result is interesting it does not represent any formal analysis that tests the main hypothesis presented in the previous section.
OLS estimations for equation 9 for mathematics and reading test scores are presented in table 3 for measure 1 of competition 14 . Column 1 presents a correlation between competition and test scores, column 2 adds individual covariates, column 3 household characteristics, column 4 region fixed effects, column 5 school environment covariates and column 6 school characteristics. As it can be seen, there are two effects in opposite directions. On the one hand, there is a positive significant effect of the linear term. An increase in one percentage point of competition increases mathematic test scores between 0.006 and 0.010 standard deviations, and reading test scores 13 We define competition as the fraction of individuals who compete relative to those who cooperate in the group. Specifically, Competition = better 1 better1+help 1 14 Results for science test scores are weaker. For the second measure of competition, I also find a non linear effect of competition on academic performance. These results are no presented due to space reasons, but available upon request. between 0.004 and 0.008 standard deviations. On the other hand, there is a negative significant effect of the quadratic term. Estimations show an effect between -0.008 and -0.014 standard deviations for mathematics, and between -0.009 and -0.014 standard deviations for reading test scores.
In addition, the table presents the optimal level of competition that maximizes academic test scores for each one of these estimations 15 . It can be seen that there is an internal solution for the optimal value of competition that maximizes academic performance. This value range between 0.318 and 0.401 for mathematic test score and between 0.168 and 0.34 for reading test score. In the same way, the table presents two hypotheses for evaluating the existence of an internal optimal value of competition. The first one, is that γ = 0 which represents that in proportion everyone cooperates and nobody competes. The second one is γ = 1 which represents the opposite. The table shows that in all specifications for both, mathematics and reading test scores, it is possible to reject the null hypothesis that this value is equal to zero or equal to one. Then, it is possible to conclude the existence of an internal value of competition that maximizes academic performance. In general, we find that in order to maximize human capital accumulated by the group, students should study individually only the 40% for mathematics and the 36% for reading of the whole time they dedicate to study.
One possible problem of the empirical results presented in table 3 is the functional form I am assuming on the effect of competition on academic performance. In order to show the pertinence of this functional form, I perform a non parametric estimation, specifically, a local linear regression of this effect. The results can be seen in figure 3 . The graph shows that a quadratic functional form with the signs of the linear and the quadratic term of table 3 is appropriate. In particular, the graph shows an inversed U-relationship between competition and academic performance for mathematics test scores, which is consistent with the empirical results found for the quadratic functional form.
Even though, these estimations suggest that the theoretical conclusions derived in section 2 actually operate, it is necessary to consider potential endogeneity issues as were described in the previous section. In order to diminish this endogeneity, I propose an instrumental variables estimation using children's interactions at home as an exogenous source of variation for competition between students. Then, the first step is to test whether having older, younger, same age or no siblings is correlated with cooperative and competitive decisions in the classroom. Table   4 presents first stage estimations for the linear and the quadratic term of competition using as 15 Optimal values of competition are denoted γ and equal to β 1 2β 2 instruments the fraction of the classroom who has no siblings and those who has older siblings 16 .
The results are robust and similar throughout all empirical specifications. In general, column 6
shows that an increase in one percentage point in the fraction of students with no siblings increases the linear term of competition in 0.00025 points and the quadratic term in 0.00022 points respectively. We find the opposite, but weaker relationship between the proportion of children who has older siblings and competition variables. Specifically a negative effect on the linear term and a positive one on the quadratic term. Even though this effect is not significant in column 6 it is similar to estimations in other specifications. It can be concluded from these results that only children are relatively more competitive than their peers, which reflects in higher values of competition faced by the students of their class-rooms. Finally, the table presents the F-test for excluded instruments. The null hypothesis of this test is that instruments' coefficients are equal to zero. As it can be seen, for both the linear and the quadratic term the F-test is higher than ten which means that these instruments explain the endogenous variables and are jointly statistically significant. Thus, they are relevant enough to be considered as good instruments for competition. The next step is to estimate the relationship between competition and academic performance using the instrumental variables approach. Results for the first measure of competition on mathematics and reading test scores are presented in table 5. As it can be seen, the coefficients of both, the linear and the quadratic term are significantly higher in absolute terms. It is important to explain the reasons why coefficients of both, the linear and the quadratic terms, are higher. An instrumental variables empirical strategy is a local estimation over those competition levels that vary due to changes in the instruments. The values of the predicted competition variable range between 0.35 and 0.55, as it can be seen in figure 4, then this result is a local estimation of a predicted variable with standard deviation significant lower than the original competition variable. Furthermore, the respectively. This means that only the 44% and 48% of the students who compete and cooperate should compete in order to maximize mathematics and reading test scores of the whole group.
The table 5 also shows the hypotheses that this optimal value is equal to zero or equal to one.
Most of all specifications, excepting column 2, show that both null hypothesis can be rejected at 5% of significance level. Then, it can be concluded the existence of an internal competition value that maximizes total academic performance as it is predicted by proposition P3.
In addition to these results, table 5 presents the endogeneity test of the competition in the empirical specification of equation 9. The null hypothesis of this test is that the variable of interest is exogenous. The results show that in all the six columns and for both, mathematics and reading test scores, it is possible to reject this null hypothesis. Thus, it is possible to conclude that an instrumental variables empirical strategy is good. In the same way, I present the Hansen statistic for testing if the instruments are effectively exogenous 17 . The null hypothesis is that both instruments effectively are. The table shows that for both, mathematics and reading, it is only possible to reject this null hypothesis in the columns 1 and 2. Then, it can be concluded that when enough covariates are added the presence or absence of siblings in classmates' household is exogenous to individual academic performance. Finally, figure 4 presents a non-parametric estimation of the predicted values of competition on academic performance. As it can be seen in the graph, there is strong evidence that the quadratic functional form I am assuming is appropriate to estimate this relationship 18 .
Hither to, two different empirical strategies are consistent with the theoretical results derived in section 2. An OLS and an IV strategies show a non linear effect of competition over academic performance and the existence of an internal optimal value of competition in order to maximize human capital accumulated by the whole group. It is important to think if the intuitive arguments of the theoretical model are consistent with this result. My main argument is technological due to the presence of positive externalities in educational production functions.
If this is the channel through which competition may have a detrimental effect over test scores results, then it is expected that the optimal competition values for those in the lower part of the test scores distribution are lower than those of the higher parts. This, due to the fact that the ones who benefit the most of these externalities are the former ones. Table 6 shows the optimal competition values for mathematics and reading test scores, separating the sample between those students above and below the median value of the dependent variable, for an OLS estimation. The competition variable is constructed using the answers of all students in a group. As it can be seen, in most of all the specifications, and for both areas, the optimal competition values are lower for those below the median value. This is consistent with the presence of positive technological externalities in educational production functions. In column 6, panel A and B of table 6 show that the optimal competition value for mathematics for those below the median is equal to 0.32, while for those above is equal to 0.43. Furthermore, it can be seen that the null hypothesis that the optimal value of competition γ is equal to zero or to one is rejected for students below the median, but it can't be rejected for those above.
For reading test scores, that corresponds to panel C and D of table 6, the results I find are very similar. In particular, column 6 shows an optimal value of 0.21 for those below and of 0.35 for those above. However, both null hypotheses can be rejected for all groups through all specifications.
The same result using an IV approach is presented in table 7. The table shows the same pattern of the OLS estimations of table 6. However, optimal values of competition are slightly higher. For those below the median of the dependent variable is approximately equal to 0.41 and for those above 0.52, as can be seen in column 6 of table 7 in panels A and B. The null hypothesis that this optimal value is equal to one can be rejected for those below the median value, but not for those above. Results for reading test scores, in panels C and D, show the same pattern of lower optimal competition values for those in the left part of test scores distribution.
However, standard errors of these values are higher for this group.
In summary, two different empirical strategies, an OLS and an IV, are consistent with proposition P3 of the theoretical model presented in section 2: the existence of an internal optimal value of competition in order to maximize human capital accumulated by the whole group. We find strong evidence of the presence of positive technological externalities separating the sample between those in the higher and the lower parts of the test scores distribution. This result verifies the intuitive arguments presented in the theoretical model, and the presence of positive technological externalities in educational production functions.
Discussion
The allocation of students has been one important topic for parents, schools and policy makers.
Given the fact that peer effects exist, it is important to establish how groups must be conformed in order to maximize each student's potential. This paper shows that it is important not only how they are allocated, but also how incentives are designed in order to maximize educational outcomes and interactions among students. The parameter and variable of interest in this paper was competition between the members of a group. Even tough this parameter is given by students' utility functions, it is important to notice that teachers, funding systems and scholarship programs, and university and college admissions processes have direct impact on how these preferences are modified.
Specifically, teachers can modify students' preferences through grading systems. There is no clear evidence on what conditions influence some grading systems to be more efficient than others 19 . However this paper presents insights about it. In general, we can find three different grading systems. First, systems where student grades depend exclusively on their individual performance on academic tests. Second, systems promoting group work and cooperation among students, in which grades are the result of aggregated decisions of group members. Finally, a third grading system, based on relative positions occupied by students in their group, also called a tournament grading system. Those grading systems are related to the competition level students are facing. In particular, systems based on individual performance are neutral because grades are not affected by peers. In the same way, systems encouraging group work can be interpreted as cooperative ones, in which all members of a particular group have the same grade. Analogously, tournament grading systems, in which individuals show concern for their ranking, constitute competitive systems due to inequalities in students' grades. Thus, teachers can modify individual preferences through changes in the grading system. School financing, scholarship programs, and college and university admissions processes should consider results derived in this paper for a specific reason: increasing competition levels between students beyond a certain level can diminish human capital accumulation. This is related to incentives generated by the educational system. Specifically we should wonder how hu-man capital accumulated and test scores results are modified if we change students preferences. This paper shows that at some points increasing concerns for rankings would be negative for educational outcomes, especially for those in the lower percentiles of the initial ability distribution, as they do not benefit from the positive externalities of cooperation from their peers.
An additional important point is that this article only considers a mechanism in which cooperative attitudes from students affect learning: technological positive externalities in educational production functions. However, it is important to point out that cooperative attitudes from students can positively alter other factors in the production of learning. In general, cooperative or pro-social actions in a classroom can be reflected in better relationships among students and higher levels of confidence and self-esteem. Taking these elements into account and the effect they can have over learning, it would be important to determine what is the optimal level of competition between individuals that maximizes human capital acquired by a particular group.
Conclusions
Most economic analyses of peer effects have focused on empirical strategies that allow for an unbiased estimation of these effects. Nevertheless,empirical evidence on the mechanisms through which they operate is still scarce. Some have pointed out the importance of different agents, their decisions and their effects on educational outcomes. This article considers a direct mechanism in which peers can affect a student's educational outcomes: cooperation and competition between them. A theoretical analysis shows that individual effort levels depend positively on individual concern for ranking and cooperation levels depend negatively on the same dimension. The existence of positive technological externalities in educational production functions and the importance of individual effort decisions in educational outcomes reflect in the existence of an optimal level of competition for maximizing total human capital accumulated by the group.
Using data from PISA (2000) in which students are tested in mathematics, reading and sciences, and in which they report cooperation and competition preferences, I find empirical evidence that supports the theoretical conclusion.
The main aim of this paper is to show a non-linear effect of competition on educational outcomes. I find robust evidence of an inversed U-relationship between competition and academic performance. Specifically, I find an internal optimal value of competition that maximizes academic results. However, this paper does not focus on the determinants of this optimal value.
In particular, it is important to analyze how this optimal value depends on the parameters of the initial ability distribution of the group. Future research will focus on this topic. I expect to find a negative relationship between optimal competition level and the mean of the initial ability distribution. Positive externalities on educational production functions should be higher for groups with a greater initial ability mean. Then, it is necessary to encourage more cooperative attitudes among the members of these groups. I also want to find a relationship with initial ability dispersion. I expect an inversed U-relationship between optimal level of competition and this parameter. The reasons for this relationship is that, Mejía & St-Pierre (2007) hold that, under tournament systems individuals exert higher levels of effort if the group they are competing with is more homogeneous. Then, if the degree of competition is constant increases in ability dispersion would have a detrimental effect on individuals' effort levels. To compensate this negative effect, the optimal competition level should be higher. However, if this dispersion is too high, individuals perceive that changes in effort levels would not change their relative ranking, and then, increases in competition would only diminish positive externalities.
Due to these reasons, it is necessary to decrease optimal competition level to obtain increases in the positive externalities of educational production functions.
In conclusion, this paper tries to determine one possible mechanism through which peer effects operate: cooperation and competition between classmates. It is possible to show the existence of positive technological externalities between group members, due to the fact that increases in competitive attitudes or concern for ranking can have a detrimental effect on learning. This is particularly important, not only for the allocation of students but also for the mechanism designs which can alter their preferences. It can be concluded that it is important to establish a correct design of grading systems and incentives within the educational system. Finally, it is essential to analyze the benefits and costs in terms of educational outcomes resulting from increases in competitive preferences. This should be a concern for parents, teachers, schools and policy makers. Note: Test scores distribution for each cognitive are using the whole sample.
Figure 4: No-parametric Estimation of Competition Predicted Values on Mathematics Test Scores
Note: Competition measure is predicted from column 6 of table 4 using instrumental variables. The graph is shown for the 90% of the whole sample, eliminating data below the percentile 5 th or above the percentile 95 th of the predicted values of competition.
